Journal of Sensor Technology and Application {&/&2533 R 5., 2024, 12(3), 504-520 Hans X
Published Online May 2024 in Hans. https://www.hanspub.org/journal/jsta
https://doi.org/10.12677/jsta.2024.123055

MR KRN FERFNEZRS N

AXR', REF, K-
"B LR A IR SR AR, TP S
2o [ A 2 VAR A RV B B & B 0T, TRES I B

ks H . 202442 H9H; FHHEM: 202445 H24H; KA HM: 20244F5431H

H E

HT#HFEEAILIR (Lossy Mode Resonance, LMR) J5 3 357 2 S 44 B E3F1) F BB AR SR 2 8] i) J& 3
HREARBURILIRIE, AT SEIRE TR R R BUE £ RRN . LMREWIEHRBREAREEE T
#:3L4R (Surface Plasmon Resonance, SPR)f&/E& 5] & FThae L RRIME, T &M TIEFRSEH A RERAL
EMFRMERMERE, EEITTHRET ZRREMTR . RSCGEAER T LMRERSIER. KR, 8
HEMEREHEBIE, B TLMREEBREAREAMAISE. SRR, EESH . TOIWRHE LSS
KR . XA LAF B E W RHE AN IR T ELMRE RSB K B IR, ERFREMIIRERE, N TR
FEARN RRBEAESE MRS HE, (R BTN LMRE BRI A KRR S5 .

XA
PR AIR, LS, SRR, RERE

Development and Application of Lossy
Mode Resonance Optical Sensors

Wenchao Tong!, Yujie Zhang?, Yizhuo Zhang?*
1Changhe Aircraft Industry Group Corporation Ltd., Jingdezhen Jiangxi
2Luoyang Institute of Electro-Optical Equipment, AVIC, Luoyang Henan

Received: Feb. 9™, 2024; accepted: May 24", 2024; published: May 31, 2024

Abstract

A new type of optical sensor based on the principle of Lossy Mode Resonance (LMR) utilizes the
periodic coupling between the lossy mode and the guiding mode to excite the resonance dips, thus
realizing fast and non-destructive high-sensitivity sensing and detection. LMR has been proved to
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be able to overcome the limitations of conventional Surface Plasmon Resonance (SPR) sensors in
terms of preparation and function, and to provide better sensing performance in various working
environments, and it has begun to gain wide attention and research abroad. This paper elaborates
the origin, development, device structure composition and sensing mechanism of LMR sensors,
and shows the application of LMR sensing technology in the fields of life sciences, environmental
monitoring, medical diagnosis, industry and manufacturing, etc. This can help domestic research-
ers to deeply understand the development history, basic principles and functional characteristics
of LMR sensors, provide data reference and literature support for engineers and technicians, and
promote the exploration and research of LMR sensing technology in various fields.
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AN R FH 47 o AN mT Bl (1 £ 2 6T 3R 10155 25 7 & 3L 4R (Surface Plasmon Resonance, SPR) 1)t 4%
JERER AR — P I T T e A A LI AN i R 3 e M ) R T 5 125 7 P R 06 1 738 A SR ST
WP VRIE . RIS R AR IR SR I AT R B AT [1]-[8]. 2B —3K SPR AR/EAR T 1982 44 i If
FFSARFIE) oy 7RI, B e st = St AR R ML A 9] SR 17 B 2 AR (R AN W 2 Je A o FH PR A
Ji#&, JoE AR IR TG A R 2 PR AN T oK, %40 SPR G245 B 12 L e AN Th e 7 T & M 422 1 AR
HAEERZRRYE10]. Kk, FEF R R (Lossy Mode Resonance, LMR) i B {38 Bl 4% Jik 3%
TEUG 5] SRR 2 1) S AN T [ 11] [12] [13]0 LMR 25 A% B F A5 FE A J52 (0 IR SO 280 S i FE A e
T S IR TE A5 1 ey R BB e AR A o & A UF B e % v iR A% Gt SPR A% A8 72 1l 5 AN Th e _E 1 =)
BRAE, 725 Fh AR R # R B U B0 01 75 i A% SR P B 14]

SPR Al LMR #5271 F 6 B S PR 1 4 I 2R it e 5 2R A 1) 2 A I AR . T SPR AR IRt
T4 JR AR A B AR SEIR, TR 2 5 AR T F I R £ B AR T 1Y B E A LA T BRI,
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SR 35 &8 S AN SRS 55 AR R AR RE A S i [ 17] [18] [19], Bfs & s i
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EREPRH[22], PRI E REBUE . R REEA R IR N AR ET 518 7 2 LN B O
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B JE AR R KT R, MR NNT 33, BRI REeE 2 2 ) iRl o e . H
TG A ROFILR, GRS AE S PR T R AL ST AR AR . 1974 4F, Marcuse K& | LA “Theory
of dielectric optical waveguides” NI EIE[34], HEF T RN FHBELER TR, thie T AR Z
() FIRE Gy R P A 2 DL AR 8 B 3 8 h o B N ERAR AN TP & R B B e T
fitl, FEABARASHTE FAPEAE T — AN EIRAESL . B 5 OGS B O — TSR A IR SR )
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Figure 1. Common optical waveguide structures. (a) Planar optical waveguide (b) Optical fiber

Bl 1. ERMAEILE. () FERILKS; (b) KL

WS AR AR T AL IR B H LR I 2 s i T TR . AR BRI AR BN, — At
TELA P T b 32 EAAAE $ 8 (Guided Mode). $E51 i (Radiation Mode). itk (Leaky Mode) = Fiifi =
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IR LL R iR, AR B B 8(42] [43].
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Figure 2. Cross-section of optical waveguide with lossy media as cover layer
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Wk 3 B, ERGUSA XSRS 3 S R AR AR R, W] DU ARSI . 3K 5 3R B T iR IR
AL LB AR S AL, BORER SRR A 4% . BUAT A7 — e BF 7N 52 2 B HR (Guide Mode Re-
sonance, GMR)RAMIRIZILR[45], (HEFTHHERATFARMEGR L IS, JTaR e 3R
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Figure 3. LMR signal output by wavelength interrogation system
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ST R AT R, ARG SRR MIRCR . R, R TR AR LR SR 1 e 5 mT DA
B FH T B S PG IR IR RG22 e, BlanfeiRas . AGa8. 2888 A, MRS IR
SFE[13] [31] [49] [50] [51]0 IX &2 o B8 A5 IS AL B I S5 S 5 T V2 IR o

3. MEEALRERFNRERS LR

75 20 thad 80 44X, —UBZE IR SOWEEIF 1T T 2 FUCPAR B 3 b SRS BB & 2N .
B, X PRI B A TR S AR B ImR AR G OG . LB 2005 4F, A BT ax PRl A 208 1 14 K
ALEMPEARH . 2010 45, LMR AR A E S —MA R EERIEA REIAEF . BRI, Bikes ULk
SR AR IR L L FE AR TR M — 28 AR R T, AR I AR e AR N e A U iR A% B8 1
BEERRE.

7E 20 42 60 A2 70 FEACHAN], P FRERIBES IR, BN RO OGN S A B R %
PR, BEE TR AR R, AATTREE i H JE AN s o vl 8 I s T A, O S s [ )
FHEAEFBON T 63U R TR R WA GBI 3 2 — R BB SRR S PO, SRV NS BR ]
TEFRZE NIRRT . 20 4D 70 FATFER, U 7L s R A RIS I ek 5 5
S a2 VA ELAE P o WROBCHEISE T DASCHREAS RIS B (B, i et 5 | e 1) fpe B B2 () SR G2 SPR.
SPRH I A6 THI 25 28 AR BT 2 IR A& 7742 . 1972 4, Batchman 1 Rashleigh i T &8t Z N
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BRI T B DR FIAR A 4, R AR T P IR R B E MBI Y ek 25 [52] . [F]4F, Takano Al Hamasaki
THE T FREEH 1) 4 8 A Z N PP AR SRR, e Tk PR TS0 i T R I
ERIMAE[S3]. 1974 4, Polky F1 Mitchell /M4H 1 — Mk T4 8 002 VU JZ 6 T S RHE, THEH S0
TFEARG R ERE . & B RN B E I R R 54]. [F4F, Kaminow MIEIRAISLES EOFFL 7 A
ARG R A BRI S, T T — MRV PR T AR REHE X BRI S TE i TM 455K
N AIARALE B TR B I R B [55]. 1975 4E, Yamamoto FIBANIEFE T #8248 260 S 1%
TR, 08 7RO A AR U 92U 45 R [56]. 1976 4, Rashleigh FIBAXT AEXFR VY248 0260 S
TR AT TS, R T IS AT A3 70 A [57]. [FI4E, Fink 25 AT —Fhfai g sk 5
FERRARSLE BN BT, IFLAE SRS RN R A 48 602 16 5 1A TR B n LA B 58]

BB AT O, 3X — BB T R 32 B OGTE IR 4 M 1) P T A Tk S P A SRR I . I
WA R AR BIFE R 5 IR RSO w] UOR AN [F) SR (8 =0 R g = AR LRI R, N e 2
SPR & A AR B R FE G U T I FU e gt T BRI RN SR A0 B Al

by b, B TR TR CASE, WRUSCHEIRIE SRR ) — R, w2 AR SO R B B FE A . 1980
25, AMFRNRATFERE LS &R A ARERIRFEHL. 1982 45, Batchman K& T @A
CA RN SRR G 2 AR A7 SCEE[51], 3R T HEEEE RS . BT b TR R
A T R B SRR, K AR g JC A0 485 1) 0] A A v T S 3 S ARSI RS o
1987 4, Carson W7 1 L2 R Hrif 2 AR SRR M XTI SRR & (52 e, FEHE X s U A 2
SRR EE IR E32]. 1990 4, Carson A1 Batchman &3 T #& KRB, H8IE00 THEBEH S
HRE AR PR 5 S B AR 1, 2 H 2 6 2 3 S R (0 B | AN DG SR AR (1 18 T 38 [33] . 1992
f, Hulse /M40 1 2 2V T T BA SRS B ARE TR JTE[59]. 1993 4, Marciniak 141
PO KM EE T AR SR, AT T SRS R IR AL R SRR L] 4), FE4A
H TSR EEOE R R R R A 2 [44].
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Figure 4. Optical waveguide model based
on semiconductor cladding [44]
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SR, ARFEAE QA BRI TR LU 1A i AR G 2 TSR T AT Fe gt — 2D 3. fh
P PR TS A A IR0 I A [FIRE L MR SR AT AR AR 3 — O s B - et i 2
RARES OG0, ARG M D HE, X—PrBiIu e sE 1 e B 2Eat, ok
RAFFEA AR AR B AT AT 1B %

2004 £, Andreev SE AFEIRSCHA A Tl SBOE AP R A B (3T 5 AR AR 8L TR B [60]. AR
PEFHAERICH T “in situ control” XN AIEAFRAL AR 00 TAF IR, (HAMBUERbRHESR R, XHLHIAL
— e T AR R LR I Y K R AR SRS I R Gt . 2005 4F, Razansky FIBAER 7 — R i 56 5 Je IR RIS
A A T B A AR IR IR SO B8 1 TR (I B 5 BT, AR A 32T BLA T SEBLAT i A Bl (617
2008 £, Andreev 7T 1 H1 AR A B AL i PO 00 T ' 0 BRSO 2 2L R R T SR AR I AR T [62], 1R F R
ERRETE B 3000~6700 nm/RIU. 7 LAFE Y, SXANHIACLE TN G0 4% RS IR B R R AN ], (HE T
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Figure 5. Physical model of a plane monochromatic wave obliquely incident
into absorbing film [61]
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2010 4, Del Villar FYHIBAIERSR H T H “HABRBA3ER” — izl R mar 44, 4ol 72T
PHATO)RZ FI AL AR MBI, FEFatH T LMR AR EREEAEX T SPR A& A B E L5 [12]
[22] [29]- Del Villar X I 7 51 7RV TAEZ AT SRR OCHE, 52T LMR HG5AL e 453 31
TT iz F. [R5, Herndez % AR T BT S AER(TIO) FI R (4-2K IR ERSH) (PSS)IRJZHI LMR Y
LR L RS £ 775 [30]. 2011 4F, Zamarrefio HIBA/M4H T 25T TiO, #1 PSS ¥R)Z ) LMR & S8 (L1 AL
for A Y S (6310 2015 4, Del Villar B BN U@ I 06 FF iR 8 1TO 1) BK7 4 [R] B 9 2 1
SPR #1 LMR HL%[11]. [F4F, Davinder 55 NWFFT T M BE4T S 2%t T 1] WJEIX LMR A% /K35 R BURE (1) 520
[64]. 2017 4F, Zubiate FIFIBAIH] T —Fh3EF LMR HOBF AL RGE:, TR C RNEA, KR
iK% 0.0625 mg/L [65]. 2018 4, Dreyer AT X3 HFIH LMR YGeF & K83 AT AR ) 2%, 7E6
JZ LB Z B (MMF) S L% 7 SnO, 5, X NHs. NO. CO, Fl Oy VUFFAS [F) S A4 (1 sf e i 32 33047
TUWRM[66]. [FI4E, Hernaez HIPAHFT T AL A S2IE(GOYKT LMR Ye&F L BEAL A FE I 52 [67]. 2019
£, Rakesh PGB SLIKAE T F ZnO A1 LiF HifFE LMR A&888 1 AT 477 [68] o

[ 4 95T LMR &S HORTE 7SR D R, (E N 2018 SEFF 46 thiZ8H1 A A 1) SCI 18 3 & % - Dai Xiaoyu
HIBAIR T 2 SRS 0T LMR A2 G RERIRZM[69]. Zhao Yuting 55 MR A7 8207 1 T LMR 1% /&5
#it[70], 3K15 T 410 RIU (5L FE K% Qiu Chunyan 25 AR T T PtSe, ) LMR A& & 25 11 GE[48],
R R T R U B =i 2 37.57°/RIU Liu Na #4533 42 J& it 44 (Transition Metal Dichalcogenides, TMDs)
AT LMR BRI TE, SR 7 AR RS0 5 K 2 [47]. Wang Qi 5 AFIH SnO, 4K Btkide & 1
LMR JCAF 16 %23 1 R B[ 13].
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ol LRGSR, BREMREEAES NS, TP,
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WA R PRI I CA AT, AT SEBL S A% A o LR B AR FER SR 2 A% IR
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Figure 6. Transmissive LMR waveguide sensor
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Figure 7. Reflective LMR waveguide sensor
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Figure 8. Two prism-coupling sensor structure models
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Figure 9. Prism-coupled optical sensor based on Kretschmann configuration
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Figure 10. Excitation conditions for LMR and SPR
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Figure 11. Optical fiber refractometers based on lossy moderesonances
supported by TiO, coatings [30]
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